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EFFECT OF LENGTH~BEAM RATIO ON THE AERODYNAMIC
CHARACTERISTICS OF FLYING-BOAT HULLS

By Campbell C. Yates and John M. Riebe
SUMMARY

A wind—tunnel investigation was made-to determine the effect
of length-beam ratio on the aserodynamic characteristics of a )
family of flying-boat hulle in the presence of a wing. The hulls
were designed to have approximately.the same hydrodynamic performance
with respect to spray and resistance characteristics regardless of
length-beam ratio. ’

The investigation indicated a reduction in minimum drag

coefficient of 0.0022 (29 percent) with fixed transition when T

lengtl-beam ratio wae extended from 6 to 15. Minimm drag
gensrally occurred in the angle—of-attack range from 2° to 3°
for all length-beam ratios. Increasing length~beam ratio from
6 to 15 increased the hull longitudinal stability by an emount
corresponding to a rearward asrodynamic—center shift of about

2% percent_msan aorodynamic chord on a flying boat; at an angle of<

attack of 2° the same chenge in length-beam ratio increased the
hull directional instebility by lncreasing the variation of yewing—
moment coefficient with angle of yaw from a velue of 0.0009 to ™~
a value of 0,001k.

Incorporating a hull step fairing, which extended longitudinally
about 9 times the depth of the step at the keel, resulted in a
reduction up to 16 percent in minimum dreg coefficient.

INTRCDUCTION

In view of the requirements for increased range and increased
speed in future flying-boat designs, the Langley Laboratory of the
NACA is making an investigetion of the asrodynemic characteristica
of flying-boat hulls as affected by hull dimensions and hull shape.

IW{J’
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Hydrodynamlc tests have shown that at the same gross load the
length-beem ratio msy be varied without appreciably sltering the
hydrodynamic performance with respect to reslistance and spray
cheracteristics provided thet ths product of the beam and the
squere of the length ls hsld constant. This criterion was used
in desligning a family of hulls with length-beum ratlos of 6, 9,
12, and 15 which are apnlicable to a flying boat for which gross
welght, power, center of gravity, tell length, and all geometries
except the hull 1ltself sare held constani. The hydrodynamic perform-
ance with respect to spray and resistance charecteristics would -
therefore be simllar regerdless of length-beam ratio in the afore-
mentloned range; thus, the relative asrodynamic performance of the
hulls would be an lwmportant factor in dstermining the length-beam
ratio used in the flying-boat design.

The present investlgation wag made in the Langley 300 MPH 7~
by 10-foot tunuel to delermine the effect of length-beam ratio on
the serodynamic characterizitics of the family of hulls previously
described. The effect of wing interference is included in these
characterlstics.

COEFFICIENTS AND SYMBOLS

The results of the tesgts are presented as sbandard NACA
coefficients of forces and moments. Rolling-moment, yawing-moment,
and pltching-moment coefficients are given ebout the location
(30-porcent-chord point of wing) shown in figure 1. Except whers
noted, the wing arsa, mesn aerodynamic chord, and span of & hypo-
thetical flying boat derived from the XPBB-1 flying beat (fig. 2)
are used in determining the coefficients and Reynolds nunber.

The data are referred to the stability axes, which are a system

of axes having thelr origln at the center of moments shown in
figure 1 and in which the Z~axis is in the planse of symmetry

and perpendicular to the relative wind, the X-axis is in the

plane of symmetry and perpsendicular to the Z-axis, and the Y-axls
1s perpendicular to the plane of symmetry. The positive directions
of the stability exes are shown in figure 3.

The coefficients and synbols are defined as follows:
Cr, 1ift coefficient (Lift/eS where Idft = -Z)
Cp drag coefficient (Drag/qS where Drag = <X Whonm ¥ = 0)

Cx longitudinel-force coefficient (X/qS)
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lateral-force coefficient (¥/qS)

rolling-moment cosfficient (L/qSb)

pltching-moment coefficient (M/qSS)

yawing-moment coefficient (IN/qSb)

force along X~-axis, pounds

force along Y-axls, pounds

force along Z-axls, pounéds

rolling morment, foot-pounds

pitching moment, £~ rt-pounds

yawing moment, foot-pormds

froes -stresm dynamic pressure, pounds per square foot
e

wing erea (18.264 sq £t for J%-scale model of hypothetical
flying boat, fig. 2)

mean serodynamic chord of wing (1.377 £+ for J-%-scale modsl
of hypothstical flying boat, filg. 2)

wing apan (13.97L £4% for i%-sca.le model of hypothetical
flying boat, fig. 2)

alr veloclity, feet per second
mags denslity of air, slugs per cubic foot

engle of attack of hull base lins, degrees except where
otherwise noted

angle of yaw, degrees

length-~beam ratio, where L 18 distance from forward
perpendicular flf JP.) to sternpost and b 1s meximum
besn (£ig. 1) _
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R Reynolds nuwber, based on mean aerodynamlc chord of wing

of ]%-scale model of hypothstical flying boat
M Mach number Air_s'psed .
\ Speed of sound in air

CDmin minimum drag coefficient

CDAn minimum drag cosfficlent based on maximum cross-sectional
un ares, A of hull (Drag/gh)

Cp.,. minimum drag coefricient based on volume v of hull
in (Prag/qva/3)

Coy rdnimim drag cosfficlent based on surface area W of
Imin );
mdl  (Drag/qw)

MODEYL, AND APPARATUS

The hulls were designed by the Langley Hydrodynamics Diviglon.
Dimensions of the hulle are gilven in figure 1 and cffsets are glven
in tgbles I to IV.

Lengley tenk mcdel 203 (% 9) was derived from a hypothetical

flying boat, Langley tank model 203A, essentially similar to the
Boeing XFBB-1 flying boat (fig. 2). The form and proportions of

hull 203 (all Langley tank models are raeferred to herein as hulls
because only the hulls of the modsls were used for the tests) are the
same as those of hull 203A except that the tail oxtension was refaired
and the depth of step at the keel wes increassd from 0.89 inch to
1.15 inches. The depth of step was increased to permit adequate
hydrodynawic stability at the lowest length-beam ratlo. Because the
depth of step 1s to remaln a constant throughout the gerles, 1t is not
to be assuned that the hydrodypamlic stebility is similer for the
several models bubt it may be assumed that the change in stabllity

is not such as to make any of the hulls unsetisfactory.

L

b T
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Langley tenk models 213, 21k, and 22l were derived from model 203
by keeping constant the product of the beam end the square of the
length, the depth of step at the keel, and the maximum height of the
hull. The location of the wing with respect to the step and the
length of the hull aft of the step (afterbody plus length of tail
extension) are the same for all models. The change in over-all

length due to varlation of L is accomplished by verying the

b .
forebody length. The volumes, surface arsas, maximum cross-sectional
areas, and side areas for the four hulls are compared. in the

follcvwing table:

Linan—gil;ey L Volure | Surface ares %:ﬁi??gﬁr:;:; Side area
model | P | (eu in.) (sq in.) (sq in.) (sq in.)
213 6 | 14,831 45k0 226 1639
203 9 | 12,916 4581 182 1752
21k 12 } 11,528 LG5k 150 1870 -
22l 15 | 10,653 L760 130 1985

The models were mounted on a wing whilch was designed elther to
span the tunnel test section vertically as shown in figure b
(two-dirensional mounting) or to be mounted horizontally as shown
in figure 5 (three -dimensional mounting). Transformation from
one mounting to the othsr was achieved thrcugh the use of end caps
and sultable cover plates. On all models, the wing was set at an
angle of incidence of 4° %o the base line, had a 20—inch chord, and
was of the NACA L301 airfoil section.

The hulls and wing were of laminated-wood construction and
were finlished with pigmented varnish.

Step falrings that extended § times the corresponding depth of
step at the keel were made of wooden blocks for the hulls of C

% =6 and %’ = 12. The general proportions of the feirings are

shovn in figure 6.



6 NACA TN No. 1305

TESTS

Test Conditions

The tests were made in the Langley 300 MPH 7- by 1l0-foot
tunnel. at dynemic pressures ranging from 25 to 200 pounds per
square foot, which correspond to airspeeds ranging from 100 to
290 miles per hour. Reynolds numbers, b&Séd on the mean asro-
dynemic chord of the wing of the hypothetical flying boat, ranged
from 1.25 X 10° +to 3.40 x 106. Corresponding Mach numbers ranged
from 0.13 to 0.39 (fig. 7). ’ _

Corvections

Blocking corrections have been applied to the wing and
wing-plus~hull data. The drag of the hull has been correctsd for
horizontal buoyancy effects caused by a tunnel static-pressure
gradient. Angles of attack have been corprscted for structural
deflections ceused by asrodynamic forces.

Tegt Procedure

The aerodynamlic charecteristice of the hulle were determined .
with the interference cf the mounting wing by testing the wing
elone and the wing-plus-hull conbinations under the same conditions.
The serodynamic coefficients of the hull wers then determined by
subtractlon of wing-alone coefficients from wing-plus-hull
coeTficlents. . -

In order to minimize possible errors thet result from transition
shifting on the wing, the wing transition was fixed at the leading
edge ior all tests by means of roughness strips of approximetely
0.008-inch-diameter carborundum partlcles. The particles were applied
for a length of 8 percent chord of the mounting wing measured along
the airfoll contour from the leading edge on both uprer and lower
surfaces. - o -

The hulls, with the exception of hull 22k, were tested with
fixed and free transition. For the Tixed-trensiticn tests, a
traneition strip £ inch wide was located approximetely 5 percent
of the hull length aft of the bow. Carborundum particles of S
approximately 0.008-inch diamster were used for this strip also. 4

With the exception of hull 22k (%‘ = 15} pitch tests were
made with the model mounted horizontally and vertically to obtain
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deta with different tunnel-wall conditions and different mountings.
Hull 224 was tested at a later date than were the hulls of lower
length-beam ratios and was tested only with the horizontal
mounting. All yaw tests were made with the horizontel mounting.

RESULTS AND DISCUSSION

The effects of length-bsam ratio on the variation of hull
aerodynamic characteristics with angle of attack are presented
in figures 8 and 9 and with angle of yaw in figwe 10. The
effects of length-beam ratio on drag and on the staebility
parameters Cmy, Cn\lﬂ end Cyv are summarized in figure 11.

Comperigon of data (figs. 8 and 9) from the two-dimensional
and three~dinensional mounting setups under similar test conditions
shows fairly good agreemsnt. An increamse in the length-beam ratio
resulted in a reduction in ths drag coefficient throughout the angle-
of -attack range tested. Tho minimum drag coefficient for most
conditions occurred in the engle-of -attack range between 2° and 3°.
Because of structural limitations of the mounting wing, it was
necessery to limit the data obtained at the higher Reynolds number
conditions to the angle-of -attack ranges shown. With transition
Pixed, the minimum drag coefficient for the hull of %’ =9 was
less by a value of 0.0009 (12 iercent) then the minimum dreg
coefficient for the hull of ¢ = 6 (fig. 11). Smaller reductions
in minimm drag coefficlent, 0.0007 and 0.0006, occurred when % was
extended from 9 to 12 and from 12 to 15, respectively. The over-all
reduction for en extension of %‘ from 6 to 15 was 0.0022, a
reduction of 29 porcent. The data for the free-transition tests
show ths same general varistion of Copin With -%’ , &and the value
of CDmin is about 0.0005 lower than for the Tixed-~transition
tests throughout the range of length-beam ratio. Reference 1 indicates

that the same general trend of CDnﬂn with %’ wlll probably occur

for a hull without wing interference although the absolute values
willl differ.

The cheracteristic of drag reduction with increase in length-
beem ratio is similar to that reported in a British papesr of limited
distribution by Clerk.and Cameron. A comparison with data from '
the British paper of drag coefficients (transition free) based
on cross-sectional area, vol wme, and surface aree 1s presented
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in figure 12. Variatiomsof the dreg coofficients with ¥ generally

compare fevorably. It mmst be remembered, however, that the hulls
tested by Clark and Cameron were not desigaed. from the same hydro-
dynamic criterion unsed in the present inveatigation and were tested at
a lower Reynolds number. The British results are, therefore, not
directly comparable with the results of the present investigation

but indicate the same trends. The effect of Reynolds numbsr on CDmin
es indicated herein (fig. 13) was generally emall; howsver, some
reduction did occur with Reynolds mumber, especiauy for the
transition-free condition.

In order to obtain some indicatlion of the effect of asrodynamic

refinerent on the veriation of Cppyin with length-beam ratio, the

hulls of -,5 = 6 and %‘ 12 were tested with step fairings as
showvn in figure 6. A cowparison of thesge data (fig. 14) with those
of the criginal gtep condition shows a gimiler reduction in drag

coefficlont for both length-beam ratios; thus the saie general
variation of GDmin with L exists. The reduction in drag

b .
coefficlent was approximately 13 percent for the hull of % =6
and 15 percent for the hull of % = 12. . These date agree in i

general with the date of the British paper in which the drag coefficient
of a hull of =7 % = 5.7 a8 definsed in the present paper) s
vas decreased 16 percent by the sddition of a step fairing.

Increased length-beam ratioc had a beneficial effect on hull
longitudinal atability but caused en increase in dlrectional instability
(fig. 11). The change in longitudinal stability carregponds to

-L.

a roarward acrodynamic-center shift of about 2- percent rean aero-

dynamic chord on a flving boat when %’-— was changed from 6 to 15. _
Calculations made from refersence 2 for the hulls without wing inteor~
ference gave valuss of OCmy s&pproximately the same as those of

figure 11, which fact indicates that the geometry of the hulls

Probably accounted for most of the varlation of Cp, with -%' .

Reynolds number and transition had very 1ittls effect on Cmgy «
At an angle of attack for minimum drag of 2%, the directional

instabllity, measured by Cn\,,, was greater for %‘._'; 15 +than for .-

-% = 6,- the velues of Cpy Dboing 0.001%4 and 0.0009, respectively. o,

Increasing the angle of attack to 6% vegulted in a-less unstable
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condition; the values of Cpy were gemerally reduced about 0.0002
throughout the range of length-beam ratio.

An estimate was made to determine the drag reduction with
increasing length-beam ratio for the hulls fitted with verticel
tails, the sizes of which wers adjusted to give the same divectional
pbablility. Calculations indicate that the increase in vertical-
t2il size would have & smal) effect on the variation of drag with
length-bean ratio; as a result, the drag coefficient contributed by the
vertical tall would be gbout 0.0002 greater for %’ = 15 than that
for -5 6. This increase in vertical-tall slze would be somewhat
compensated for by an allowable decreage in horilzontal-tall ares at
the higher length-~beam ratios provided that sufficient horizontal-
taill aree were available for trim. The decrease in horizontal-~

tall area with %‘, however, wouwld probably be less than the increase
in vertlcal-tail ares.

The perewster Cyy was slightly more positive at the higher
length-beam ratios. Increasing the angle of attack from 2° to 6°
had a negligible effect on CY These varlations of the parameters

Cyw and. Cnx;r with 5 probably result from the increase of hull

length and side area ahsad of the conter of moment at the higher
value of % as shown in figure 1. TFor convenience the stability

parameters for sach velus of % are presented in tebls V. In

order to compare the results of these tests with the resulis of
investigations made of other hulls and Tuseleges, the paramsters XK,
Cne'/3¥, end HCn/dB, as given in references 3, 4, and 5,
respectively, arve Included in the table. The parameter Kr is a
fuselage moment factor, in ths form of oCp/dx, based on hull

beanm and length where o is in radians. The yawing-moment | : o
coefficient Cpo' In OCpp'/0Y' is based on volum snd is '

glven ghout a reference axis 0.3 of the hull leﬁgth from the
nose. The parameter OC /0B is based on hull side erea and
length for vwhich the yawing moment is also glven about a reference

axis 0.3 of the hull length from the nose and B d1s given
in radians. _ " o S
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Instability as given by the parameters OCng' /O¥' and  3Cn/dB
generally agreed closely with the hull velues given in references 4

end 5. The increass of aCni.'/B\lf' with % can be attributed

to the reduced numerical values of volume used Iin deteormining the
coofflclent at the higher length-beam ratios as well as the '

generally destabilizing cffsct of increasing %’ .

Tuft studies of the forebody botiom and step part of medel 203
(% = 9) are presented in figures 15 and 16, réspoctively.

CONCLUSIONS

The results of wind-tunnel tests of a femily of hulls -~ in
the presence of a wing - heaving length-beam ratios of 6, 9, 12,
end 15, a constant product of the Team and the square of tue
length, a constant helght, and the sams depth of si:ev at the
keel indicated the following conclusions:

1. With transition fixed a reduction in minimum drag coefficient
of 0.0022 (29 percent) occurred when length-beam ratio was extended
from 6 to 15.

2 Minimum dreg for all hulls tested generally occurred in
the range of angle of etteck from 2° to 3°.

3. Increasing length-bsam ratio from 6 to 15 caused an increase
in hull longitudinal stability by en amount corvesponiing to a

rearward -gerodynamic-center shift of about 9% rercent mean

cerodynamic chord on & flying bhoetb.

k. Increasing length-beam ratio from 6 to 15 iricreased the
hull directlonal instabilility by increasing the variation of yawing-
moment coefficlent with angle of yaw from s valu.e of_ 0.0009 to
a valus of 0.001k at an angle of attack of 2°.

5. Incorporating a hull ster fairing, which extended longltudinally
about 9 times the depth of the step at the keel, resulted in a reduction
up to 16 percent in minimum drag coefficient.

Tanpsley Memorial Aeronautical Laboratory
Natlopal Advisory Committee for Aeronautics
Langlsy Field, Va., December 12, 1946
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TABIE I
OFPSETS FOR LANGLEY TANE MODEL 213 (= 6)
[A11 aimensions are in inohes] '

Distance |Keel {Ohine jHalf Radius ?{ﬂl l;-t::.:f u;glo Forebody bobtom, heights above base 1ins
tation to sbovs |above [besm nal? £ sbove |chine Battocks
base |[base | &t ‘t ba 21 .
¥ |itne }line |chine m‘bam center 1.1.:): (d:-"-" PP
2) 10,66 1.31{1,97|2. 62|3.28{3.93 .59}5.2k|5.90
F.P. 0 10,30/10.92{0 0. 10.92
1/2 1.86 | 5.49) 9.17}3.00 3,01 | 14.29 | 11.28 10 {6.79]8.11]8.96|9.20
1 3,70 | 3476} 7.63|k.01 Le01 | 15.72 | 11472 10 {k.76]5.7816.80| T.L3{ 771 T.64]
2 7.2 | 1.83] 5.4515.06 5,06 | 17.36 | 12,301 10 2.58] 3,314,061 10691 5427|516 5451
3 11.14] 8o} L.00{5.66 5.66 | 1811 | 12.85 10 11340 1.90}2.45] 302] 3449} 5.81] L.o1|{L.05
L 14.85] 27| 3.01 6ouly 6.0l | 19.12 | 13.08 10 | .69{1.12]1.55{2.99] 2.39] 2.7 2.97 3,091 3.0l
5 18.56] -ools| 2.36}6.28 1 6.28 19.60 | 13.32 10| 70 o71|1.0k|1.35|1.69§1.98 2.22}2.57 2.3
[ 22.27) © 1,68} 6.41 641 | 1988 | 13.47 5§ «25] «52] «TT7|1e 1.28| 1450 1.74}1.91}1.9%
7 25.98| © 1.83}6.45 645 | 19.99 | 135k ol .2 7] o72] .96]1.2172.L5 1.61}1.74]1.83
8 29.70] © 1.85]6.55] 6.4i55] 20000 | 13.55 ol .2l 47l .72] .96j1.21 1434 1.6101.7441.83
9 334411 O 1.8516.455] 6.455] 20.00 } 13.55 ol .2l 7] .72] .96f1.21 1.3 1e61) o7k} 2.85
10 37.12| © 1.83] 6,455  6.l55] 20.00 | 13455 ol .24 7| o72] .96 1.21{1.L3 1611 1.74] 1.83
11 L40.83] © 1.85164i55] 6.455] 20400 } 13455 ol 2t A7) o72] <96f1.21 143 1.6111.74]1.83
12F LL.58} 0 1.85{ 6,455 6.455| 20.00 13.55 of .2 .h7] <72] .96}1.21 1.;3 1,621,701 1.83
124 Llso58] 1.16] 3451164455 6.155] 20,001 13.55 o
13 1,8.26] 1.51 3.83 6.36 643 | 20,00 | 13.57 «t .%
1 51.97) 1.86] L.08{6.09 | 6439 | 20,00 13.61 = « §§
15 55.68] 2.21| Le28l5.70 | 6.30 | 20,00 | 15.70 S5 S
16 59.39] 2.56) Lli7|5.24 | 6417 | 20.00 13.83 a
17 63.30 2.91] L57{Lke5T| 6e0L | 20,001 13.59 5 _E
18 66.82] 3.26] Le6313.76] 5481 | 20,00 k.19 _§ £ |
i S
19 70.53) 3.61] Le59}2.T0] 5457 20.00 | k3 £ \ s =
\ <
20 2] 3.56) Lbr]1.39] 5.28 | 20000 1he72 2 :—/—-_;\ .%ﬂl .
R 3 v
s.P. 17.45| L.27] Le27]0 E 2 ' §§
21 T7.95) Le69 L.95 | 20,001 15.05| . TF 7‘5{3 W
22 81.66] T.4T .58 | 20.00] 152 ] § — L;g %
~ t I S
23 8543T] 970 L.16 | 20,00] 15.84 g X so02Ing B &u, .g
2 89,08 11.50 5.0 | 20.00] 26.30] J K N
</ <
25 92.79] 12,90 3,22 | 20,00 16.78 a
26 964501 14018, 2,70 | 20.00} 1730 ‘j “_§ o =2
) 0""‘ % Q
27 100,22 15447 2,15 | 20.00 17.85 < \t) 0 _g =
5 82
28 103.9% 16.74 1,55 | 20,00 18.45 £~ g5 © '§
wy < _E 3
29 107.64} 18.02 .95 | 20.00 - 19.07 #\SS $
A.P. 110.19 18.50 51 20,00} 19.49

NATIONAL ADVISORY
OMMITTEE FOR AERONAUTICS
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TABLE II
OFFSETS FOR LANGLEY TANK HODEL 205 (f = 9)
[All dimensions are in inohes]

NACA TN No.

1305

stattod Dll::noo E‘EE%, EE,EZ E:l:;i Rl;“t:.t‘;m or“uﬂ ?Ezagi :-;?1;: Forebedy boctm,aizt:::\:: above base line
PR tine |t |ofine mezime) omter | Yte | I T Tl 2 & |5 |5 | b |
F.P. ¢ 10,30{10.30}0 0 11,00 | 11,00 -
r/e 2,13 | 549 8.50. 2,50 | 2,30 | .29 | 11499 | 20 [6.48)7.:9]8.10)8.32
Lpe25 | 3.76] 6.71{3.06 | 3.06 | 15.72 | 12.66 10 |L.52]5.30)6.09] 6.56]6.77] 6.72
2 8.50 | 1.83 h.59_ 3,86 | 3.86 27.36 | 13.50 | 20 [2.40)2,96]5.53 4. 01} .38]L.60|k.64
3 12.75 .80f 3.2u{h.32 | be32 | 18.41 ] 14,08 | 10 f1.21(1.6[2.06{2.49[2.85[3.10{3.25 |3.28
|3 17.00 <27} 2.36{L.61 | L.61 19,12 | 1h.52 10| 59} .92{1.25{2.98]1.89f2.14}2.33{242]2.38
5 21,25 o4 1.81[Lhe79 | Le79 19,60 | 14.81 10| «29) «55| «80j1.04|1.30{1.52|1,702.82|1.85
é 25,501 © 1.51{5.89 | L.8¢9 19,88 | 1h.99 5[ «19} o40] «59] +78] +98{1.18}1.331.46)1.52
? 29.75 ] o 140192 | he92 | 19.99 | 15.07 o] 18] 36[ .55 73| «92{1.09{1.231.33[1.0
8 300 O 1,70} he925] Le925 [ 20,00 [ 15.08 0| «18] «36] 55 73] .92|1.09{1.23]1.33|1.h0
9 V251 0 1.40ih.925] he925 | 20.00) 15.08 0| 28] .36] .55 .7# «92§ 1.09{1.23{1.33{1.40
10 Lh2.501 © 1.40{L.925] 4925 | 20.00 | 15.08 0 .18} .36} 55 «73| .92} 1.09]1.23]1.33i2.40
11 4675 0 1.40]4.925] 4o925 | 20400 | 15.08 o] 8] .36] .55 .73 .92f1.091.23)1.33{2.k0
12P 51404 |, 0 1.40{4e925) Le925 | 20,00 25.08 o) 18] 36| 55 .73 <93 1.09]1.23]1.33 140
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NACA TN No. 1305
TPABLE IIT
OFFSETS FOR LANGLEY TANK IODEL 21 ( e 12)
[A11 aimenstons ave in inches)
Radl He t | L1 of] Angle] Forebody bottom, helghts above base line
Distance E;:%. ﬁz f::: mdu 0;1181&11 ceg;orm of ¢ b 2
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P.P. 0 10,15{10,15{ 0 0 11,1
1/2 2.3 | 5ui9] 7.8102.90 | 1.90 | 14429 | 12.39 | 10 | 6.31|7.2ltf7.68]7.853
1 L.68 | 3.76] 6.2012.53 | 2.53 15.72 | 13.19 10 | 4e39]5.03]|5.67]6.07] 6.2k} 6.204
2 9.35 1 1.85] Lo11{3.19 | 3.19 17.36 | 14.17 10 | 2,30 2476} 3423 3.63| 3.9 {4.22} k.25
3 1,03 80| 2.813.57 § 3.57 18.41 | 14.84 10 { 1.24)1.h9f 1.8, ) 2.20{ 2.h9]|2.70] 2.82]| 2.85
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TABLE IV

CFFSETS FOR LANGIRY TANR MOTEL 224 (%-3_5)
[A11. atnensions, ave 1n tnoes]

NACA TN No, 1305
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MINIMUOM DRAG COEFFICIENTS ARD STABILITY PARAMETERS FOR LANGLEY TANK MODELS 213, 203, 214, AND 224

TABLE V

CY‘_ Cnv aC,, /3B Cnpt /O¥
Model% “Dmin | Cug Ke a=2%|laub®|la=22{a=62la=2°|a=6%a=2%|a=6°
213 6-{0.0075 | 0.,0062 | 0,83 0,0048 (0.0048 | 0.0009 | 0.0008 ! ~0.099 | -0.08110.021 0.017
203 9 .0066 0050 1 1.10 iOOSl .0050 .0012 0010 | —-,100 | -—.088; ,027 023
21 |12 .0059 L0043 [ 1.35 .0051 0051 1 L0013 0012 | —-.100 | -,115] ,03% L0%0 .
224 15' 0053 .0038 | 1.56 0051 | ,0051 |..001% 0013, —-,101| -,126| 041 .0562
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Fig. 1
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Figure 1,— Lines of Langley tank models 203, 213, 214, and 224,



NACA TN No. 1305 Fig. 2
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Flgure 2,— Comparison of %-scale models of the XPBB-1 flying boat
and hypothetlical flying boat incorporating hull 203 (—%’— = 9) .



Fig. 3 NACA TN No. 1305

—_—
Relative Wind

X =<

Relative wind

NATIONAL ADVISORY
z COMMITTEE FOR AERONAUTICS

Figure 3,— System of stability axes, Positlve values of forces,
moments, and angles are Iindicated by arrows.
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NACA TN No. 1305 Fig. 4a

(a) Wing alone.
Figure 4.- Two-dimensional mounting of flying-boat hulls in the
Langley 300 MPH 7~ by 10-foot tunnel. '
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(b) Hull 203 (%
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(a) Wing alone.
Figure &~ Three-dimansional mounting of flying-boat hulls in the
Langley 300 MPH 7- by 10-foot tunnel.
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(b) Hull 203 ( = 9) with wing.
Figure 5.~ Concluded.
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NACA TN No. 1305 Fig. 6
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Pigure 6,— General details of step failrings, Bottom view of hull,
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NACA TN No. 1305 Fig. 8a
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Figure 8.- Effect of length-beam ratio on the aerodynamic

characteristics in pitch of the —l-la-scale hulls of a hypothetical

flying boat. Two-dimensional mounting.



Fig. 8b " NACA TN No. 1305
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Figure 8.- Continued,



NACA TN No. 1305 Fig. 8c
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Fig. 8d
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Fig. 9 | NACA TN No. 1305
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flying boat. Three-dimensional mounting.
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Fig, 10b cone. NACA TN No., 1305
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NACA TN No. 13056 Fig. 11
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Fig. 14 : ' NACA TN No. 1305

R
NG
&
1 S O
839
\S&: —
a‘t § -.04 =
*— Hull L]b
- 08 AZ/2 b
) Q2 /2
~——No step fairing
@ “~—Step falring
-~
3 02 s
R AL
N A Pl
S 0 Yy
S 3 -
$ = 2
Q 0
Q'
\'\
§ 2
N
]
U
S 0 - &%
) NATIONAL ADVISORY —
S‘\ COMMITTEE FOR AERONAUTICS
S 2 - ! | (T

-8 -4 0 4 8 2

Angle of altack, o deg '-
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NACA TN No. 1305 - Fig. 15

Figure 15.~ Tuft studies of forebody bottom of hull 203 ( -bL' = 9)
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NACA TN No. 1305 Fig. 16
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Tigure 16.- Tuft studies of step part of hull 203 [= = 9.
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